Background: Pancreatic injury occurs in from 3% to 12% of patients with abdominal trauma. In many instances, a lack of impressive findings in the first 24 hours leads to a delay in diagnosis. Because pancreatic duct disruption is the major cause of traumatic pancreatitis, we evaluated our experience with endoscopic retrograde cholangiopancreatography (ERCP) in patients suspected of having of having pancreatic injury. Methods: We reviewed the medical records of 26 patients evaluated perioperatively by ERCP for suspected pancreatic duct injury. The examinations were performed in the endoscopy suite or radiography special procedures or operating rooms under direct fluoroscopic control using fiberoptic or videooptic duodenoscopes. Results: Seventeen men and nine women with a mean age of 32.8 Ϯ 2.2 years suffered severe abdominal trauma. ERCP was performed in these patients a mean of 19 Ϯ 11.3 days after trauma. Seven patients underwent ERCP just before or at laparotomy. Eight of 26 (31%) patients were found to have intact pancreatic and bile ducts, whereas 18 (69%) patients had substantial findings unsuspected by pre-ERCP imaging. Nine of these 18 patients with documented ductal injury underwent endoscopic treatment alone without further surgical intervention, including pancreatic sphincterotomies and/or pancreatic ductal stenting. Conclusions: ERCP is feasible and strongly indicated in the care of many patients with pancreatic trauma. Patient care and overall surgical and hospital needs may be substantially impacted by the use of both diagnostic and therapeutic endoscopic retrograde colongiopancreatography.
I
njury to the pancreas occurs in approximately 3% to 12% of all patients with penetrating or blunt abdominal trauma and is associated with a mortality rate ranging from 3% to 70%. [1] [2] [3] The increasing incidence of penetrating injury, use of compulsory seatbelts, and blunt deceleration injury have resulted in an increased incidence of pancreatic trauma. [1] [2] [3] [4] [5] A delay in diagnosis frequently occurs after blunt pancreatic trauma because of subtle physical, laboratory, and radiographic findings immediately after injury [5] [6] [7] [8] often resulting in the development of hemorrhagic pancreatitis, pseudocyst formation, or intra-abdominal abscess. 9 Disruption of the main or minor pancreatic ducts is the most common pathologic feature of traumatic pancreatitis. Although pancreatography is the most precise way of evaluating the integrity of the pancreatic duct, endoscopic retrograde cholangiopancreatography (ERCP) is underutilized because of perceived difficulty in performing the procedure emergently or a lack of available expertise. Twenty-six patients at our institution with suspected pancreatic injury over the past 10 years underwent ERCP for investigation and treatment of pancreatic ductal injury.
MATERIALS AND METHODS
We prospectively studied 26 patients evaluated by ERCP for suspected pancreatic duct injury at the San Francisco General Hospital, the only Level I Trauma Center in San Francisco between 1995 and 2008. Demographic and laboratory data, mechanism of injury, abdominal computerized tomograpy (CT) results as well as surgical and ERCP findings, and postinjury course were recorded for all patients. (Tables 1 and 2 ). Preoperative transcutaneous ultrasonography and/or CT were used selectively in hemodynamically stable patients. Unstable patients undergoing exploratory laparotomy without preoperative ERCP were all noted intraoperatively to have peripancreatic or pancreatic injury without obvious ductal disruption. These patients underwent intraoperative or postoperative ERCP if there was a concern for potential pancreatic duct injury. The ERCP was performed pre, intra, or postoperatively in the endoscopy suite, radiography special procedure room, or operating room under fluoroscopic control using the Olympus Corporation of America or Pentax Corporation fiberoptic or videoptic duodenoscopes. Sphincterotomies and stent placement were performed using Wilson-Cook disposable ERCP supplies. For those patients studied during the immediate post-trauma period, general anesthesia was either maintained after exploratory surgery or reinduced for the endoscopic procedure.
RESULTS
The prospectively collected demographic, initial clinical, and laboratory data for the 26 patients are listed in Table  1 . Seventeen men and nine women with a mean age of 32.8 Ϯ 2.2 (standard error of the mean) years (range 13-54 years) experienced severe abdominal trauma. Eleven patients were involved in automobile or bicycle accidents, one was struck by a subway train, one patient experienced blunt abdominal trauma in an industrial accident, three suffered injuries due to falls, six patients had abdominal stab wounds, and three had abdominal gunshot wounds. One other patient suffered an unrecognized pancreatic injury during an elective total colectomy for severe ulcerative colitis.
Hospital admission serum amylase levels were drawn on 19 of the 26 patients. The mean serum amylase was 412 Ϯ 126 IU/L (range 34 -1989). Serum lipase levels were available on six patients with a mean of 1701 Ϯ 1086 IU/L (range 583-7121). Eighteen of 26 patients underwent combined oral and intravenous contrast enhanced abdominal CT scans immediately after presentation to the emergency room (Figs.  1-3) . The remaining eight patients were taken emergently to exploratory laparotomy because of the acuity of their injuries.
As noted in Table 1 , 14 of 26 patients (54%) underwent exploratory laparotomy on the day of admission. Eleven patients (42%) were initially treated nonoperatively, undergoing further diagnostic evaluations including ERCP before planning additional surgery. ERCP was performed in the 26 patients at varying times during their hospitalizations (Figs. 4-8) , ranging from the day of admission (day 0) to 300 days after injury (mean 19 Ϯ 11.3 following trauma). Five patients underwent ERCP on the day of injury: two just before laparotomy, one during the course of exploratory laparotomy, and two immediately after abdominal closure. Patient 25 experienced abdominal trauma in an automobile accident in the Middle East but sought no hospital care until nearly 1 year later. He presented with "acute" pancreatitis involving the pancreatic body and tail. All patients underwent ERCP because of the suspicion of pancreatic injury based on the initial serum amylase or lipase levels, CT scan results, or findings at laparotomy.
Eight of the 26 (31%) patients with suspicion of pancreatic injury were found to have intact pancreatic and bile ducts on ERCP. One patient, who underwent ERCP because of hyperamylasemia, with peripancreatic and periduodenal fluid on CT, was found to have an unsuspected gallbladder rupture with extravasation of contrast into the peritoneal cavity. The remaining 18 patients (69%) were found to have either partial or complete transection of the main pancreatic duct or secondary branches with extravasation of contrast or high-grade stenosis of the main pancreatic duct (patient 25).
As indicated in Table 2 , endoscopic therapy was based on the ERCP findings. Five patients underwent immediate Table 2 , most patients were treated nonoperatively after ERCP. One patient however underwent a delayed pancreatic cystgastrostomy to drain a persistent fluid collection, which developed many weeks after admission. Three patients, one of whom had a stent placed, underwent distal pancreatectomy and splenectomy based on ERCP findings. Nine patients undergoing pancreatic sphincterotomy and/or pancreatic stent placement and the one patient undergoing biliary sphincterotomy were discharged from the hospital without additional surgical treatment. All stents were removed endoscopically by 4 -8 weeks after ERCP. Repeat pancreatograms performed just before stent removal demonstrated closure of ductal fistulae in all patients. These patients remain alive and well 6 months to 24 months after endoscopic therapy.
DISCUSSION
The fixed retroperitoneal location of the pancreas draped over the lumbar spine renders it particularly vulnerable to pancreatic duct disruption after deceleration injury to the upper abdomen. 1 Pancreatic duct disruption with subsequent extravasation of pancreatic juice into the gland and/or retroperitoneum is present in nearly all patients with clinically significant traumatic pancreatitis. 9 Clearly, multidector CT with 0.6 mm to 2.5 mm sections through the pancreas ("pancreatic protocol") provides superb visualization of the pancreas. 8 Unfortunately, CT scans performed Ͻ24 hours after injury may miss a significant pancreatic injury because of the absence of inflammatory changes caused by leakage of pancreatic secretions. A delay in diagnosis results in a delay in therapy, which can result in a significant increase in risk of morbidity and mortality.
ERCP evaluation of the acutely traumatized patients is often perceived as inconvenient or difficult because of logistic, technical, and anatomic factors. 8 -23 Most patients are routinely placed in the prone position for a routine ERCP. This position is inconvenient in the multiple trauma or postoperative patient unless general anesthesia is employed. Pancreatic trauma may also be accompanied by duodenal injury, producing edematous distortion of the papilla and duodenum, complicating endoscopic visualization. Three steps are essential to accurately localize the papilla tip for cannulation: (1) adequate air insufflation, (2) proper endoscope positioning, and (3) bowel relaxation with intravenous glucagon. ERCP requires the use of high-definition real-time fluoroscopy (available in most operating rooms) to define minor and main duct disruption with limited contrast volume and injection pressure. Direct injection of contrast through the major papilla provides unparalleled visualization of the entire course of the pancreatic duct, including smaller branches throughout the gland. As an added advantage, ERCP also visualizes the bile duct permitting diagnosis of occult biliary injury, as occurred in one of our patients.
ERCP may also eliminate the need for or reduce the extent of surgical therapy if endoscopic treatment of ductal injury is possible as it was in 11 of 26 (42%) of our patients. Pancreatic duct sphincter pressure, a composite pressure from the sphincter of Oddi and the sphincter pancreaticus, is ordinarily 30 mm to 40 mm of mercury greater than intraduodenal pressure (and higher than biliary sphincter pressure). Transection of the pancreatic duct will invariably lead to extravasation of pancreatic juice into the retroperitoneum or the free peritoneal cavity. Thus, the performance of a pancreatic sphincterotomy and/or placement of a transpapillary pancreatic stent will successfully reduce the pancreatic sphincter pressure and allow unimpeded drainage of pancreatic juice into the duodenum reducing the inflammatory consequences of extravasation.
The consequences of underestimating the extent of pancreatic ductal injury and the fate of patients treated conservatively without undergoing pancreatic sphincterotomy and/or stenting is difficult to assess because of the absence of randomized controlled trials. There are also no direct manometric studies to document reduction in pancreatic ductal pressures following such treatment. We based our endoscopic approach to pancreatic duct injury on the widely recognized and accepted endoscopic management of cystic duct leaks after cholecystectomy.
Other small series have reported successful stenting and/or pancreatic sphincterotomy for traumatic pancreatic duct disruption, including postsurgical external pancreatic fistulae. 24 -31 Telford et al. 26 reported that stent positioning to bridge the disruption (p ϭ 0.04) and longer duration of stent therapy (p ϭ 0.05) were associated with a successful outcome. Kim et al. 28 reported complete resolution of leakage from the duct after successful transpapillary stenting in three patients with pancreatic trauma. Cicek et al. 29 in 2006 demonstrated 94% successful closure of pancreatic fistulae in patients with partial duct disruption treated by endoscopic pancreatic sphincterotomy or by placing stents. Fischer et al. 31 in 2008 reported that surgical transampullary pancreatic duct stenting reduced fistula rate after distal pancreatectomy.
The major sequela of missed pancreatic ductal injury is persistent fistulization. In one report of the late complications of pancreatic trauma, 10 of 11 patients referred a median time of 6 months after trauma required pancreatic resection for persistent fistulae. 32 Farrell et al. 7 reported that 20% of patients developed pancreatic fistulae and Young et al. 33 noted 10% of patients developed fistulae. All of these patients required pancreatic resection.
CONCLUSION
The optimal management of the patient with a suspected pancreatic ductal injury requires a multidisciplinary approach led by the trauma surgeon coordinating care with colleagues in radiology, gastroenterology, and anesthesiology. ERCP permits definitive diagnosis and in many cases minimally invasive treatment of pancreatic duct disruption.
